The shell-model collective-pair truncation with negative-parity pairs is adopted to study the (h 11/2 ) 2 alignment in 132 Ba. The proton (h 11/2 ) 2 -alignment state is predicted as an E ∼ 4.6 MeV and τ ∼ 0.5 µs isomer with relatively strong E3 decay channels. The oblately deformed neutron (h 11/2 ) −2 alignment in the yrast band and four negative-parity bands are confirmed, even although two of these negative-parity bands favor the prolate deformation, which directly manifests the γ unstability of 132 Ba.
Model has be proved to be an efficient approach for the (h 11/2 ) 2 -alignment description [15] [16] [17] . In such truncation, collective pairs with spin 0 and 2 are normally employed to represent the low-lying collectivity [18] [19] [20] [21] [22] [23] [24] , which naturally provide ∆I = 2 band structures, as 5 − , 6 − , 7 − and 8 − bands of 132 Ba behave. Recently, negative-parity pairs were introduced into the pair truncation [25] [26] [27] , which enables a shell-model description of negative-parity states in a heavy even-nucleon system, e.g., negative-parity states of 132 Ba discussed here. Thus, the collective-pair truncation with negative-parity pairs is adopted for our negative-parity-state related study on the (h 11/2 ) 2 alignment of 132 Ba. Our calculation adopts a phenomenological shell-model Hamiltonian as in Ref. [16] :
with
, where r 0 is the oscillator parameter, /(mω). Hamiltonian parameters, i.e., ε jσ , G S σ , κ σ , and κ πν in Eq. (1), are also taken from Ref. [16] as listed in Table I .
Our pair-truncated shell-model space for 132 Ba is given by the coupling of three proton pairs and three (holelike) neutron pairs in the 50-82 shell. These pairs can be formally defined by
where C † a is the creation operator of the a orbit. Thus, A I π † (ab) is a non-collective pair with two nucleons at a and b orbits; A I π † represents a collective pair with optimized structure coefficients, β I π ab , to best describe the nuclear low-lying collectivity. Especially, β
corresponds to the Cooper-pair structure due to the strong nuclear pairing collectivity, and is determined following the principle of projected-particle-number BCS theory [28] . Other β I π ab with I π = 0 + is obtained by the diagonalization in the ν = 2 broken-pair model space [29] . More details about the determination of β I π ab are described in Ref. [30] .
In our calculation, four types of pairs are adopted:
1 Following previous pair-truncation calculations [18] [19] [20] [21] [22] [23] [24] , collective pairs with I π = 0 + and 2 + are introduced.
Bandbeads of 5
− and 6 − bands may be given by coupling the h 11/2 neutron with the lowest positiveparity one-quasineutron configuration [1, 2] . Such coupling corresponds to the lowest ν = 2 brokenpair state with I π = 5 − and 6 − , i.e., I π = 5 − and 6 − neutron collective pairs from our β I π ab calculation with I π = 5 − and 6 − . Thus, these two pairs are introduced to develop 5 − and 6 − bands, and denoted by "5 − and 6 − pairs", respectively 3 7 − and 8 − bands were supposed to be built on the coupling of rotationally aligned h 11/2 and g 7/2 protons [1, 2], which is represented by the noncollective (πh 11/2 × πg 7/2 ) I π =9 − pair in this work. 4 We take the (πh 11/2 × πh 11/2 )
In previous pair-truncation calculations [15] [16] [17] , the (νh 11/2 ) −2 alignment is represented by the (νh 11/2 × νh 11/2 )
+ pair. However, we don't introduce such pair, because the coupling of two 5
− and/or 6 − pairs with total angular momentum I 10 total angular momentum (denoted by the "5 − ⊗ 6 − coupling") can also describe the (νh 11/2 ) −2 alignment. To demonstrate this point, we list structure coefficients of 5 − and 6 − pairs in Table II , which suggests that the 5 − ⊗ 6 − coupling are mainly constructed by two s 1/2 and/or d 3/2 neutrons along with two h 11/2 neutrons. These two s 1/2 and/or d 3/2 neutrons only provide little angular-momentum contribution, so that the I 10 total angular momentum of the 5 − ⊗ 6 − coupling almost comes from the rest two h 11/2 neutrons. In other words, these two h 11/2 neutrons have to contribute I ∼ 10 angular momentum, which forces them to rotate alignedly. Thus, the (νh 11/2 ) −2 alignment emerges within the 5 − ⊗ 6 − coupling. The electromagnetic transition operators adopted our calculation are
Here, e σ , g lσ and g sσ (in units of e and µ N / ) are the effective charge, orbital and spin gyromagnetic ratios of valence nucleons, respectively. They are taken from Ref. [16] as e π = 2, e ν = −1, g πs = 5.58 × 0.7, g νs = −3.82 × 0.7, g πl = 1.05 and g νl = 0.05. Fig. 1 presents the calculated 132 Ba spectrum compared with the experimental one, including the yrast band and 5 − , 6 − , 7 − , 8 − bands. A rough spectral consistency between our calculation and the experiment is achieved. However, calculated 7 − and 8 − bands based on the (πh 11/2 × πg 9/2 ) I π =9 − pair are still observed to be systematically higher than those from experiments by ∼ 0.3 MeV. This is because the single-particle energy of the 132 Ba h 11/2 proton, i.e., the [550]
− level, is depressed by ∼ 0.3MeV relatively to the Fermi surface [32] , due to the β 2 ∼ 0.12 prolate deformation of 7 − and 8 − bands [33] . This effect shall also have direct impact on the prolately deformed (πh 11/2 ) Fig. 1(b) . Thus, the 132 Ba (πh 11/2 ) 2 -alignment energy should be around 4.6 MeV, which agrees with the systematics of the alignment energy in light Ba isotopes [2, 11, 34] .
To probe electromagnetic properties of the ∼ 4.6 MeV (πh 11/2 ) 2 -alignment state, we calculate its E2, M1, E3 decay to observed levels. Resultant E2 and M1 decay rates to yrast 8 + , 10 + and 12 + states are all smaller than 10 −13 W.u.. Such weak decays can be attributed to the parity conservation, which forbids E2 and M1 transition operators from scattering the negative-parity h 11/2 nucleon to other positive-parity orbits of 50-82 major shell. In other words, any state related to the (πh 11/2 ) 2 alignment by strong E2 or M1 transitions must be constructed with two h 11/2 valence protons. However, yrast states, as well as most of low-lying positive-parity states in 132 Ba, have few valence h 11/2 protons due to the large πh 11/2 single-particle energy. Thus, strong E2 and M1 decays from the (πh 11/2 ) 2 alignment to these low-lying positive levels are absent, which may partially explain the inaccessibility of the (πh 11/2 ) 2 alignment in observed level scheme of 132 Ba. On the other hand, we obtain relatively strong E3 decays from the (πh 11/2 ) 2 alignment to states of 7 − and 8 − bands as shown in Table III . Such strong E3 decays are expected, because this alignment shares the prolate deformation with 7 − and 8 − bands. Based on above calculated decay rates, the (πh 11/2 ) 2 -alignment level is suggested to be a 0.511µs isomer with the main decay branch of E γ ∼ 1.3MeV to the I π = 9 − level in the 7 − band. Now, let's turn to the (νh 11/2 ) −2 alignment. The yrast I π = 10 + isomer is the most typical (h 11/2 ) −2 -alignment observation in 132 Ba. We would like to revisit the yrast alignment before discussing (νh 11/2 ) −2 alignments in negative-parity bands. According to ically evident the intruding of the (νh 11/2 ) −2 alignment in the yrast band. To observe this alignment at the wavefunction level, we also calculate the expectation value of 5 − and 6 − pair numbers, and plot the sum of 5 − and 6 − pair numbers in Fig. 2(d) . Correspondingly to the (νh 11/2 ) −2 alignment at I = 10 , two 5 − and/or 6 − pairs are suddenly excited as a representation of the 5 − ⊗ 6 − coupling. In other words, the (νh 11/2 ) −2 alignment indeed is induced by the 5 − ⊗ 6 − coupling. Therefore, we take the sudden increasing of 5 − and 6 − pair numbers by two as a signal of the (νh 11/2 ) −2 alignment. The (νh 11/2 ) −2 alignment in 5 − and 6 − bands was proposed according to the band irregularity around I = 14 in References [1, 2] . In Fig. 3(a) , level spacings 
